WG5 Supplemental Information

Evaluation of Acceptable Ecotoxicity Data for use in Normalized Species Sensitivity Distributions 
Field and mesocosm data
Field-based, microcosm and mesocosm data are generated using different methods to those used to generate laboratory-based data. Therefore, a different quality assessment scheme is used, although many of the key elements are the same as the laboratory-based data assessment. Their quality should be assessed using a combination of factors considered crucial by the OECD (1992) and the European Commission (2011), as summarized in Table 1 (modified from Warne et al., 2015). 
Table SI.1. Data acceptability requirements for field-based, microcosm and mesocosm data for use in the derivation of protective values for aquatic life (either by themselves or in combination with laboratory-based data) or to ground-truth laboratory-based protective values
	QA Criteria
	

	Experimental design
	Adequate and unambiguous experimental set-up, including a dosing regime that reflects exposure in the field, and measurement of chemicals

	
	At least three concentration treatments, a suitable control, and appropriate replication

	
	For chronic studies, sufficient duration to account for a significant proportion of life-history of the organisms (at least 10%) and the fate of the toxicant

	Realistic biological community
	Representative of the taxa distribution and trophic structure in the ecosystem being assessed, including at least invertebrates, phototrophs and organisms associated with nutrient cycling. Ideally fish should be included however, this may not be possible for either logistical reasons (the fish may eat the other test organisms) or ethical reasons (the use of fish may be precluded by animal ethics).  

	
	Contain taxa sensitive to the mode of action of the toxicant


	Representative exposure pathway
	Measured contaminant concentrations throughout the course of the experiment

	
	Renewal of toxicant concentrations for any rapidly dissipating compounds

	Measured toxicity modifying factors
	Measured chemical and physical properties that are known to, or are likely to, affect exposure to the toxicant or its bioavailability, throughout the test


	Endpoints
	Measure sensitive endpoints consistent with the mode of action of the toxicant


	
	Measure individual, population and/or community level endpoints

	Analysis
	Permit concentration response curves for individual contaminants to be derived

	
	Data enable a sound statistical evaluation



Several papers have demonstrated the usefulness of field studies and mesocosm studies to ground-truth laboratory-derived metals protective values.  Short-term mesocosm studies (10-day survival of aquatic insect communities) (Iswasaki et al.,2013) and field studies with benthic macroinvertebrates (Schmidt et al., 2010.,) exposed to metal mixtures, have shown that BLM normalizations improve the predictability of effects compared to hardness-only based approaches or no normalization.  However in longer term studies, where water quality and dissolved metal concentrations may fluctuate over time, it may be more difficult to select and normalize LC50/EC20 values.  These studies also assume that toxicity is related to direct aqueous exposure to the metal, and ignore indirect effects via dietary exposure.  Nevertheless, mesocosm and field studies may increasingly be used in the future to improve the normalization and derivation of protective values for metals, as well as part of weight of evidence assessments in site-specific risk assessments of metals. 
Metal analysis, speciation and solubility
Measured versus nominal: Use of nominal metal concentrations in ecotoxicity tests with metals is no longer recommended due to losses of metals to test containers and to test organisms over the duration of the test.  For criteria development in the US, where there are sufficient data e.g. the 2007 Cu criterion, only measured copper concentrations are now used, in contrast to the original guidance (Stephen et al., 1985) which allowed the use of nominal acute (but not chronic) concentrations.  For the cadmium criterion (US, 2016a), only measured Cd concentrations were used to derive hardness relationships for bioavailability normalizations.  In the EU, measured metal concentrations are required and nominal concentrations can only be used when there is evidence that all metal is in solution. Chelators are only allowed in algal tests and no ecotoxicity data from other taxa where chelators have been used in test media are allowable for protective value derivation (EC, 2018).  In Australia and New Zealand, toxicity data calculated using nominal metal concentrations are no longer used to derive protective values for aquatic life and metal concentrations must be measured (preferably at least at the beginning and end of the test) either in test treatments or in metal stock solutions used to prepare dilutions.  
Total and dissolved: Protective values for metals are usually expressed either on the basis of total metal or dissolved metal.  Total recoverable metal, which includes particulate bound metal, is determined in an unfiltered sample after acid digestion.  Sometimes unfiltered samples are simply acidified before analysis.  Dissolved metal is operationally defined as that metal which passes through a 0.45 µm membrane filter.  While this is called dissolved metal, it contains both dissolved and colloidal metal.  
Most water quality criteria, with some exceptions (e.g. Al, Fe), are now based on dissolved metal concentrations. It is recognized that use of the operationally defined dissolved metal excludes consideration of metals on suspended particles that usually have low bioavailability by the water route of exposure.  Neither total nor dissolved measurements take into account the food route of exposure. 
In the US in 1985, metal water quality criteria were based on total recoverable metal, with a hardness correction.  In 1993 (USEPA, 1993), it was recognized that dissolved metal was a better predictor of effects and most criteria, with some exceptions, now use dissolved metal as a better approximation for metal bioavailability than total metal (USEPA, 2007). One exception to the use of dissolved metal, is the Al criteria (USEPA, 2017), which is now based on total Al concentrations. Recent work has shown that if Al criteria were only based on dissolved Al, toxicity could be underestimated, as precipitates that could dissolve under natural conditions and become bioavailable would not be measured (Gensemer et al. 2018).  This is most suitable for laboratory studies in synthetic waters because in natural waters, other species of Al e.g. clays and aluminosilicate minerals are not bioavailable.  Thus criteria based on total Al may overestimate potential risks of toxicity to biota, but this provides a suitably conservative approach.
Historically, in most jurisdictions, only total metals were measured in ecotoxicity tests.  Various attempts have been made to convert total metal to dissolved metal to enable the use of this older data in derivation or application of protective values for aquatic life.  For some metals, tested in artificial media and as fully soluble salts, no conversion from total to dissolved metal is required (CCME, 2018). For other less soluble metals e.g. Pb, total metals have been converted to dissolved metals using one of the following approaches:
· Calculations based on Analyzing solubility products for the metal salts
· Undertaking experiments to determine the fraction of total metal present as dissolved metal at varying hardness. For example, for the Cu criterion (USEPA, 2007) studies were conducted to determine what fraction of the total Cu was present in the dissolved form.  This resulted in the use of a conversion factor where dissolved copper = 0.96 x total copper being applied to all total metal data used in the Cu BLM normalizations for the Cu criteria development.  A similar approach was used to convert total metal to dissolved metal for the derivation of the cadmium criterion (USEPA, 2016).  The conversion factors from total to dissolved cadmium at different hardness levels were derived for acute and chronic test data, and ranged from 0.973 at 50 mg CaCO3/L, to 0.915 at 200 mg CaCO3/L hardness for Cd for acute data, and from 0.938 to 0.880 respectively for chronic studies.  However, because most ecotoxicity data were previously reported as total recoverable Cd, these data were used and then the final criteria was converted to dissolved Cd after the SSD and normalization process using these conversion factors.
[bookmark: _GoBack]For application of protective values for aquatic life, where monitoring data only include total metals, partition coefficients (Kp), which take metal binding to suspended particulate matter into account, have been used to estimate the dissolved concentration of metal from a measured total concentration. These equations apply a suspended matter–water partition coefficient (l·kg–1) and the concentration of suspended solids (kg·l-1) to calculate the dissolved metal concentration (μg·l-1). However, because the Kp has been found to vary by several orders of magnitude between water types, it must be determined experimentally in each particular water type.  This limits the general applicability of the approach for converting from total to dissolved metal.  For example, the Environment Agency of England (2009) applied these equations for zinc to both the KP value from the Zinc Risk Assessment (EU, 2010) of 110,000 l·kg-1 and using a fitted KP value (152,141 l·kg-1) from measured data from 740 samples of Scottish surface waters. This dataset had matched sample information including pH, suspended solids, dissolved organic carbon (DOC), total organic carbon (TOC), dissolved Zn, and total Zn. A comparison of the observations and predictions of dissolved zinc concentrations using the fitted KP value of 152,141 l·kg-1 is shown in Figure SI.1. The standard deviation in the predictions of dissolved Zn concentrations from total Zn concentrations shown in Fig S1 is 7.7 µg L-1. This means that approximately 95% of estimates of the dissolved Zn concentration will be accurate to within around 15 µg L-1 (the EQSbioavailable for zinc in the UK is 10.9 µg L-1). The 95th percentile of dissolved zinc concentrations in the Scottish dataset that was used here for this testing is only 11.5 µg L-1, indicating that in most cases the error will be greater than the result.  This example highlights that conversions between total and dissolved metal concentrations are of limited reliability and will introduce a level of uncertainty into protective values derivation or any regulatory applications based on these types of data.

[bookmark: _Toc398098970]Figure SI.1  Performance of predictions of dissolved Zn from total Zn freshwater data (from Environment Agency 2009). The line represents the optimal 1:1 agreement.

Metal salt solubility: Water quality criteria documents usually specify what metal salts are acceptable for ecotoxicity data used to derive the criteria. Both EPA (2017) Al criteria and EPA (2016a) Cd criteria are based on data using only metal salts of chloride, nitrate and sulfate (either anhydrous or hydrated).  EPA (1994) lists acceptable salts for various metals.
Most metal salt solutions are weakly acidic and hydrolysis occurs in natural waters at pH 6.0-8.5 leading to the formation of either hydroxyl or carbonate species (depending on the alkalinity and pH). When the solubility limit is exceeded, colloids and precipitates may form and soluble metal concentrations e.g. copper, may be as low as 500 µg/L. Dissolved and colloidal iron will also adsorb copper in natural waters. 
In the US to derive the acute copper criterion (US, 2007), data up to 107 mg Cu/L were included, which is well above the copper solubility limit.  This follows the Stephen (1985) guidance document which states that, provided tests are conducted “properly”, acute values which are above the solubility limits should be used because rejection of such acute values would unnecessarily lower the FAV by eliminating values for tolerant species. However, given that only the 4 GMAVs closest to the 5th percentile are used, this may be less of an issue compared to jurisdictions that use the full SSD.  But use of such tests can greatly distort Acute-Chronic Ratios, if used in this way.
Currently in the Australia/New Zealand guidelines (Warne et al., 2015), data at concentrations more than twice the solubility limit are excluded, but this does not address toxicity due to particulate forms. Maximum concentrations of Cu and Zn in tests recommended for acceptability for criteria derivation are 500 µg Cu/L and 10,000 µg Zn/L in freshwaters (revised ANZECC/ARMCANZ, 2000),  and 700 µg/L and 9,000 µg/L respectively in marine waters (Hickey et al, 2016).  Similarly in Europe, EC (2018) states that EC10 values that are less than or equal to twice the solubility limit can be included in criteria derivation, although this is recognized as an arbitrary value.  Occasionally data up to 3 times the solubility limit can be used, but with caveats. 
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Calculated dissolved Zn concentration (mg l-1)
